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(57)  Theinvention provides a drain (122) comprising
a vortex throttle (126), to remove water from a pressure
sensing line (10). The vortex throttle resists the flow of
air through it. Therefore, for a given diameter of inlet and
outlet ports the mass flow rate through the vortex throttle
is much smaller than through a plain hole of the same
diameter. The inlet and outlet ports may therefore be
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made larger than in known arrangements (so reducing
the risk of blockage), but the operation of the vortex throt-
tle restricts the mass flow of air through the drain pipe
(so minimising the detrimental effects on the engine’s
operation). The invention thus provides effective drain-
age of collected water from the pressure sensing line,
without the disadvantages of known arrangements.
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Description

[0001] Thisinvention relates to pressure sensinglines,
and in particular to drains for removing water from such
lines.

[0002] In the operation of a gas turbine engine, it is
important to monitor temperatures and pressures at dif-
ferent positions within the engine. However, because of
constraints of space and access, itis not always possible
to measure these parameters directly in the location
where the measurement is to be made. It is therefore
known to carry a signal away from the point of measure-
ment for use elsewhere. For example, electrical wires
may carry an electrical signal from a sensor to a remote
measurement unit.

[0003] In the case of pressure measurement, this is
achieved by carrying the pressurised air through a pipe
or tube, known as a pressure sensing line. An example
of this is the P30 (high pressure compressor (HPC) exit)
pressure, which is carried to the electronic engine con-
troller (EEC) where it is used to control the engine. Typ-
ically, a P30 sensing line comprises tubing (which may
be of varying diameter) routed from the combustion outer
casing (atthe HPC exit) to the EEC, where the HP6 pres-
sure (the pressure at the exit from the sixth stage of the
HPC compressor) is measured by a high-accuracy pres-
sure transducer.

[0004] A problem with pressure sensing lines is that
water can collect within them. This is especially prevalent
under engine acceleration, when hot moist air from the
HP6 exit enters the pressure sensing line. As this air
makes its way towards the EEC it cools and water con-
denses out of it; naturally this water collects at the lowest
points of the pressure sensing line.

[0005] Itis known to provide a simple drain hole at the
lowest point of the pressure sensing line, so that con-
densed water can drain out. Another known solution is
shown in Figure 1, in which a pressure sensing line 10
is provided with an orifice 14. A vertically-oriented bucket
or water trap 12 is provided below the orifice 14. In use,
the pressurised air providing the pressure signal flows
along the pressure sensing line 10 as shown by the ar-
rows P. A proportion of the air flow P flows through the
orifice 14, as shown by the arrow D, carrying with it any
collected water. An exit hole 16 is provided in a side wall
of the water trap 12, at a distance 18 above the bottom
of the trap, through which the air can escape, as shown
by the arrow E. If the water level should rise to the level
of the exit hole 16, any excess water will overflow through
the exit hole 16.

[0006] During cold cycles or at high altitude the water
in the sensing line can freeze; typically at cruise condi-
tions the ambient temperature is around -50 °C and the
temperature within Zone 1 (where the P30 sensing line
is located) will only be slightly higher. In the first known
arrangement described above, water may freeze in the
sensing line; in the second arrangement, collected water
inthe water trap may freeze and if sufficient water collects
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and freezes then it may 'back up’ into the sensing line. If
enough ice forms to form a blockage across the inner
walls of the sensing line, then the EEC will read a constant
pressure signal and will fail to register any changes in
pressure on the HP6 side of the blockage.

[0007] Both of these known solutions have significant
disadvantages, in particular in selecting a suitable size
for the drain hole or the orifice 14. If the hole or orifice is
too small, then it is prone to blockage by debris from the
pressure sensing line, and it will no longer drain effec-
tively. On the contrary, if the hole or orifice is made large
enough for blockage to be avoided, the mass flow of air
through the pressure sensing line will cause its temper-
ature to increase, potentially causing a fire risk. The loss
of air through the pressure sensing line causes a reduc-
tion in the efficiency of the engine, which is undesirable.
Also, the larger the loss of air through the drain hole or
orifice, the greater the deterioration in the pressure signal
reaching the pressure transducer, which affects the en-
gine control. Known solutions therefore provide a drain
hole or orifice whose size is an unsatisfactory compro-
mise between avoiding blockage and avoiding detrimen-
tal effects on the engine’s operation.

[0008] It would therefore be desirable to have a drain
that reduces or overcomes the disadvantages of known
arrangements, which provides effective drainage while
simultaneously avoiding the risk of blockage, avoiding
undesirably high temperatures or mass flows, and avoid-
ing detrimental effects on the engine’s operation or effi-
ciency.

[0009] According to a first aspect, there is provided a
drain for a pressure sensing line as set out in the claims.
According to second and third aspects, there is provided
a pressure sensing line and a gas turbine engine incor-
porating such a drain.

[0010] Embodiments of the invention will now be de-
scribed in more detail, with reference to the attached
drawings, in which

Figure 1 is a schematic illustration of a known drain,
as already described;

Figure 2 is a schematic, cross-sectional view of a
drain;

Figure 3 is a schematic, cross-sectional view of part
of the drain of Figure 2;

Figure 4 is a schematic, exploded view of the com-
ponents of the vortex throttle of Figure 3; and

Figure 5 is a schematic plan view of a vortex throttle.

[0011] Like parts in the drawings are identified by like
reference numbers.

[0012] Figure 2 shows a schematic, cross-sectional
view of a drain in accordance with the invention. As in
the embodiment of Figure 1, a pressure sensing line 10
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has an orifice 14. In use, the pressurised air providing
the pressure signal flows along the pressure sensing line
10 as shown by the arrows P. A proportion of the air flow
P flows through the orifice 14 into a drain pipe 122, as
shown by the arrow D, carrying with it any collected water.
Within the drain pipe 122 is a vortex throttle 126, whose
construction and operation will be described in due
course. The air flow D and water flow out of the end of
the drain pipe 122 as shown by the arrow 130.

[0013] Figure 3 shows in more detail the section of the
drain pipe 122 containing the vortex throttle 126. The air
flow D and water flow into the vortex throttle 126 through
an inlet port 142 and flow out of the vortex throttle 126
through an outlet port 144. The air flow D and water then
flow out of the end of the drain pipe 122 as shown by the
arrow 130.

[0014] Figure 4 shows an exploded view of the vortex
throttle 126. In this arrangement, the vortex throttle is
constructed from three plates welded together, but it will
be appreciated that in other embodiments different con-
struction methods may be used, and that a vortex throttle
suitable for use in the invention may be constructed from
fewer or more than three plates, or may embody the es-
sential features in a different manner entirely. Figure 5
shows a schematic plan view of a vortex throttle, identi-
fying certain elements and dimensions.

[0015] Vortex throttles are known in other technical
fields, where they are sometimes referred to as vortex
diodes or Zobel diodes.

[0016] Referring now to Figures 4 and 5, a first plate
152 comprises an inlet port 142 which has a diameter d;.
A second plate 154 comprises an inlet channel 156
which, when the vortex throttle is assembled, is in fluid
communication with the inlet port 142. The inlet channel
156 leads tangentially into a vortex chamber 158 which
has a diameter d,,. A third plate 160 comprises an outlet
port 144 which has adiameterd,. When the vortex throttle
is assembled the outlet port 144 is concentric with the
vortex chamber 158 and in fluid communication with it.
[0017] The inlet channel 156 comprises a flare 162,
with a flare angle 6, and a throat 164 with a diameter d;
and a length I,. As may be seen from Figure 4, the inlet
port 142 has a length |;, the outlet port 144 has a length
I, and the vortex chamber 158 has a vertical height h,,.
The vertical height hy of the vortex chamber 158 has been
found to affect the performance losses, and accordingly
hy is selected to minimise these losses. The throat 164
diameter d; has been found to affect the functionality of
the vortex throttle, with the functionality increasing with
decreasing dy; this dimension is therefore selected to be
as small as practicably possible.

[0018] Inuse,theairflow D flows into the vortex throttle
126 through the inlet port 142. It then flows through the
inlet channel 156, as shown by the arrow 172, and into
the vortex chamber 158. Within the vortex chamber 158,
it is forced by the shape of the chamber and the position
of the exit port 144 to form a vortex, following an inwardly
spiralling path as shown by the arrow 174 to reach the

10

15

20

25

30

35

40

45

50

55

exit port 144. The air flow then flows out of the vortex
throttle 126 through the exit port 144, as shown by the
arrow 130. The formation of the vortex causes the vortex
throttle 126 to resist the flow of air through it, so that there
is a substantial pressure drop across it. Therefore, for a
given diameter of inlet and outlet ports d;, d,, the mass
flow rate through the vortex throttle is much smaller than
through a plain hole of the same diameter.

[0019] The inlet and outlet ports may therefore be
made larger than in known arrangements (so reducing
the risk of blockage), but the operation of the vortex throt-
tle restricts the mass flow of air through the drain pipe
122 (sominimising the detrimental effects onthe engine’s
operation). The invention thus provides effective drain-
age of collected water from the pressure sensing line,
without the disadvantages of known arrangements.
[0020] The exact dimensions of the vortex throttle may
be varied according to the particular needs of the appli-
cation. In one arrangement, the elements of the vortex
throttle 126 have the following dimensions:

Inlet port diameter d; 1,6mm, length I; 4,5mm:; throat
diameter d; 1,1 mm; throat length |, 5,1 mm; vortex
chamber diameter d,, 5,6mm, height h,, 1,1 mm; out-
let port diameter d, 1,1 mm, length I, 4,5mm.

[0021] The flare angle 6 has been found to have a rel-
atively small effect on the operation of the vortex throttle.
It has been found that both converging and straight inlets
are able to meet the flow requirement; therefore, the flare
angle is seen as a non-critical feature. The throat length
l; is also seen as a non-critical feature of the vortex throt-
tle. However, testing has shown that the performance of
the vortex throttle is optimal when this dimension is min-
imised.

[0022] The inventor has recognised that the advantag-
es of the invention may be achieved with a range of di-
mensions for the elements of the vortex throttle 126,
some of which may be summarised in terms of the ratios
between various dimensions.

[0023] In particular, the ratio of vortex chamber diam-
eter d, to exit port diameter d, affects the performance
of the vortex throttle and should be a minimum of 5:1.
Ratios of 5:1 to 7.4:1 are thought to be particularly suit-
able.

[0024] The ratio of the vortex chamber diameter d, to
inlet port diameter d; is not a critical feature of the inven-
tion and the design of the vortex throttle is defined by the
ratio of vortex chamber diameter to exit port diameter as
discussed above. The dimension d; is not thought to have
amajor effect on the operation of the drain. In a particular
arrangement, the value for the dimension d; is at least
1.0mm. Tests have been carried out on inlet ports with
dimension d; between 1.0mm and 2.0mm.

[0025] In the arrangement shown in Figures 3 and 4,
the vortex throttle is constructed from three plates which
are welded together; before assembly and welding, the
top plate is machined with the inlet port, the middle plate
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with the vortex chamber, and the bottom plate with the
exit port. However, alternative methods of manufacture
and assembly may be employed. For example, dowel
pins may be used to improve confidence that the vortex
throttle will be aligned correctly during assembly. 5
[0026] Anycomponent or feature described in this dis-
closure may be combined with any other compatible com-
ponent or feature. Furthermore, it will be appreciated that
various alternative or complementary arrangements or
components not explicitly described herein areinaccord- 70
ance with the disclosure.

Claims
15
1. A drain (122) for a pressure sensing line (10), the
drain comprising a vortex throttle (126).

2. Thedrain of claim 1, in which the vortex throttle com-
prises an inlet port (142), a vortex chamber (158) 20
and an outlet port (144).

3. The drain of claim 2, in which the vortex throttle fur-
ther comprises an inlet channel (156), the inlet chan-
nel comprising a throat (164). 25

4. Thedrain of claim 2 or claim 3, in which the inlet port
diameter is between 1 mm and 2mm.

5. Thedrainofanyone ofthe preceding claims, inwhich 30
the ratio of the outlet port diameter to the vortex
chamber diameter is between 1:5 and 1:7 4.

6. The drain of any one of claims 2 to 5, in which the
vortex throttle comprises three plates (152, 154, 35
160), one plate comprising each of the inlet port, the
vortex chamber and the outlet port.

7. The drain of any one of claims 2 to 6, in which the
vortex chamber has a diameter of between 5mmand 40
6mm.

8. The drain of any one of claims 2 to 7, in which the
inlet and outlet ports each have a diameter of be-
tween 1 mm and 2mm. 45

9. A pressure sensing line, comprising the drain of any
one of the preceding claims.

10. A gas turbine engine, comprising the drain of any 50
one of claims 1 to 8.

11. A gas turbine engine comprising the pressure sens-
ing line of claim 9.
55
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